Propionibacterium acnes infection in skin tissue often causes acne vulgaris, commonly characterized by inflammatory papules, pustules, and nodules. Chitosan and its derivatives possess strong anti-inflammatory effects. In this study, the anti-inflammatory activity of chitosan-phytochemical conjugates on P. acnes-infected human skin keratinocytes (HaCaT) was evaluated. We designed a model of P. acnes-induced inflammation in viable HaCaT cells. Nitric oxide (NO), an inflammatory marker, was successfully elevated by P. acnes infection in HaCaT cells in a dose-dependent manner. Furthermore, the levels of NO were reduced by treatment with chitosan-phytochemical conjugates (chitosancaffeic acid, -ferulic acid and -sinapic acid) in a dose-dependent manner. Among these conjugates, chitosan-caffeic acid exhibited the strongest NO suppression in HaCaT cells infected with P. acnes. The results obtained in this study suggest that chitosan-phytochemical conjugates could be used as a potential therapeutic agent against acne vulgaris.
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Chitosan-phytochemical conjugates의 합성
Chitosan-phytochemical conjugates Cho et al. (2011) . 0.25 g chitosan 2% acetic acid 25 mL , 0.054 g ascorbic acid 1.0 M hydrogen peroxide 0.5 mL . , 30 0.14 mM phytochemicals (caffeic acid, 0.02514 g; ferulic acid, 0.02709 g; sinapic acid, 0.03128 g) 24 . phytochemicals dialysis tubing (Thermo-Fisher Scientific, Rockford, USA) (molecular weight, 1 kDa) . chitosan-phytochemical conjugates chitosan-caffeic acid (CCA), chitosan-ferulic acid (CFA), chitosan-sinapic acid (CSA) (unmodified chitosan) phytochemicals .
균주와 배지
P. acnes KCTC 3314 (Korean Collection for Type Cultures; KCTC, Daejeon, Korea)
. P. acnes brain heart infusion broth (Difco Inc., Detroit, USA) 1.0% glucose 10% CO 2 .
세포 배양
HaCaT cell 37 , 5% CO 2 10% fetal bovine serum (FBS, Gibco Co), 100 g/mL streptomycin, 100 U/ mL penicillin Dulbecco's Modified Eagle Medium (DMEM)
. HaCaT cell 75 cm 2 flask (Falcon, USA) 3 phosphate buffer saline (PBS) washing .
0.25% trypsin-EDTA incubator 1 trypsin-EDTA 37 5 .
10% FBS DMEM 15 mL 1:20 split ratio 37 , 5% CO 2 .
세포 생존율 측정 
Nitric oxide (NO) 측정
HaCaT cell (1 10 6 cells/well) P. acnes (10 3 -10 6 CFU/mL) 72 37 , 5% CO 2 , well 24 . , NO Griess reaction (Sun et al., 2003) . , 10 6 CFU/mL P. acnes HaCaT cell chitosan-phytochemical conjugates HaCaT cell (Fig. 3 ). Chang liver cell chitosan chitosan Cho et al. (2013) .
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P. acnes에 의해 염증 유도된
Chitosan-phytochemical conjugates (μg/mL) Fig. 3 . Effect of chitosan-phytochemical conjugates on cell cytotoxicity of Propionibacterium acnes-inoculated HaCaT cells.
HaCaT cells were inoculated by P. acnes (about 10 6 CFU/mL) and then chitosan conjugates were treated. □, control (unmodified chitosan); ▤, chitosan-caffeic acid (CCA); ▥, chitosan-ferulic acid (CFA); ▨, chitosan-sinapic acid (CSA). NO production (%)
Chitosan-phytochemical conjugates (μg/mL) (Fig. 4) . , chitosan chitosan-phytochemical conjugates NO CCA NO . CCA P. acnes HaCaT cell 50 g/mL, 100 g/mL 300 g/mL , 40%, 55% 65% NO . chitosan RAW 264.7 cell 44.1%-50.2% NO Yang et al. (2010) . Chitosan NO inducible nitric oxide synthase (iNOS) . , caffeic acid, ferulic acid sinapic acid phytochemicals NO iNOS (Hämäläinen et al., 2007; Ou et al., 2012; Shan et al., 2009 6 CFU/ mL) and then chitosan conjugates were treated. □, control (unmodified chitosan); ▤, chitosan-caffeic acid (CCA); ▥, chitosanferulic acid (CFA); ▨, chitosan-sinapic acid (CSA). NO production (%)
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